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Chapter 5
Sampling Equipment

5.1 Introduction
Collection of environmental and waste samples often requires various types of sampling equipment to
compliment specific situations encountered in the field. Selection of approved sampling equipment is
based on the sample type, matrix, and physical location of the sample point and other site-specific
conditions. Consideration must also be given to the compatibility of the material being sampled with
the composition of the sampler.

This chapter addresses sampling equipment for the following types of environmental samples: soil,
sediment, ground water, surface water and air; wastewater samples; biological samples; and residual
and waste samples which are comprised of process wastes or other man-made waste materials. This
chapter is divided into two sections: Aqueous and Other Liquid Sampling Equipment, which is further
divided into ground water, wastewater, surface water, and containerized liquids and; Non-Aqueous
Sampling Equipment, which is further divided into soil, sediment, sludge, and containerized solids/
waste piles. Table 5.3, at the end of this chapter, lists NJDEP recommended waste material samplers
and their application.

In order to minimize interference and cross contamination, all environmental, residual and waste
sampling equipment used for the collection of environmental samples should be of
polytetrafluoroethylene (PTFE, e.g., Teflon®), stainless steel or of a material approved or required for
a specific parameter. PTFE is always the preferred material, but may not always be practical. There-
fore, there are specific conditions under which material other than PTFE may be used. Some of these
include the use of stainless steel equipment for soil and sediment sampling, carbon steel split spoons
for soil sampling at depth, or disposable bailers constructed of polyethylene for the collection of
ground water samples being analyzed for inorganics. In some cases of surface water, potable and
wastewater sampling, collection directly into the laboratory provided sample container eliminates the
need for sampling equipment, as well as field blank quality assurance samples. Use Table 5.1 as a
guide for construction material of ground water sampling equipment.

While the preferred material of construction for sampling equipment used in waste sampling is PTFE
or stainless steel, collection of some waste samples may not be possible with standard equipment.
Therefore, alternate equipment constructed of different material may be necessary (e.g. glass
COLOWASA or drum thieve). In all cases, the material of construction should be compatible with the
sample being collected and should not interfere or be reactive with the parameters of concern.

This chapter lists and describes a wide variety of sampling equipment, their application, and a brief
description of how to use them. Not all equipment presented here is applicable in all sampling situa-
tions. This chapter should be used along with the information provided in Chapter 6, Sample Collec-
tion, to assist in selecting the most appropriate sampling equipment. It is recognized that the dynam-
ics of environmental sampling and related technological advances bring to the market sampling
equipment that may not be included in this text. Aside from the NJDEP, the USEPA, U.S. Geological
Survey, the U.S. Department of Defense, the U.S. Army Corps of Engineers, the American Society for
Testing and Materials and other state and federal governmental agencies are continually active in
testing and reviewing various types of sampling equipment and methodologies. Check the URLs at
the end of this chapter for web sites offering reviews or discussion related to sampling equipment.
Should interest in a novel approach be considered, it is recommended that the assigned NJDEP site or
case manager grant approval before proceeding. Participants orchestrating sampling episodes under

Return to TOC 
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Table 5.1 Materials of Construction for Ground Water Sampling Equipment
Construction Material for Sampling

Equipment (Does Not Apply to Well Casing) Target Analyte(s)

Material Description Inorganic Organic

Plastics1

Fluorocarbon polymers2

(other varieties available
for differing applications)

Chemically inert for most
analytes.

√  (Potential source of
fluoride.)

√  (Sorption of some
organics.)

Polypropylene Relatively inert for
inorganic analytes. √ Do not use.

Polyethylene (linear) Relatively inert for
inorganic analytes. √ Do not use.

Polyvinyl chloride (PVC) Relatively inert for
inorganic analytes. √ Do not use.

Silicon
Very porous. Relatively
inert for most inorganic
analytes.

√  (Potential source of Si.) Do not use.

Metals3

Stainless Steel 316
(SS-316)

SS-316 Metal having the
greatest corrosion
resistance. Comes in
various grades.
Used for submersible
pump3 casing.

√  (Potential source of Cr,
Ni, Fe, and possibly Mn
and Mo.
Do not use  for surface
water unless encased in
plastic (does not apply to
submersible pumps).

√
Do not use if corroded.4

Stainless Steel 304 Similar to SS-316 but less
corrosion resistant. Do not use √

Do not use if corroded.4

Other metals: brass iron,
copper, aluminum,
galvanized and carbon
steels

Refrigeration-grade copper
or aluminum tubing are
used routinely for
collection of  3H/3He and
CFC samples

Do not use
√
Routinely used for CFCs.
Do not use if corroded.

Glass

Glass, borosilicate
(laboratory grade)

Relatively inert. Potential
sorption of analytes.

√
Potential source of B and
Si.

√

1. Plastics used in connection with inorganic trace-element sampling must be uncolored or white.
2. Fluorocarbon polymers include materials such as Teflon, Kynar, and Tefzel that are relatively inert for
sampling inorganic or organic analytes.
3.  Most submersible sampling pumps have stainless steel components. One can minimize effects on inorganics
sample by using fluorocarbon polymers in construction of sample-wetted components (for example, for a
bladder, stator, or impeller) to the extent possible.
4.  Corroded/weathered surfaces are active sorption sites for organic compounds.
√ Generally appropriate for use shown; Si, silica; Cr, chromium; Ni, nickel; Fe, iron; Mn, manganese; Mo,
molybdenum; 3H/3He, tritium/helium-3; CFC chlorofluorocarbon; B, boron.

Table taken from the U.S. Geological Survey’s Book 9, Handbooks for Water-Resources Investigations,
National Field Manual for the Collection of Water-Quality Data, Chapter A2, Selection of Equipment for
Water Sampling, (http://water.usgs.gov/owq/FieldManual/)

http://water.usgs.gov/owq/FieldManual/
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the auspices of the Site Remediation Program may contact the Bureau of Environmental Measure-
ments and Site Assessment with related equipment questions. Sample collection inquiries of a more
ecological nature may contact the Bureau of Freshwater and Biological Monitoring. The Technical
Requirements for Site Remediation (N.J.A.C. 7:26E) offer an avenue for contractors to proceed with
an innovative sampling approach should that technique be documented in peer reviewed scientific
journals.

Selection of sampling equipment should always take into consideration its proper decontamination
before use and, in the case of ground water sampling, the dedication of decontaminated equipment to
individual wells for each day’s sampling. Where general rules do not apply and alternate equipment is
necessary, acceptability of its use will be determined on a case by case basis by NJDEP.

5.2 Aqueous And Other Liquid Sampling Equipment
Liquids, by their aqueous nature, are a relatively easy substance to collect. Obtaining representative
samples, however, is more difficult. Density, solubility, temperature, currents, and a wealth of other
mechanisms cause changes in the composition of a liquid with respect to both time and space. Accu-
rate sampling must be responsive to these dynamics and reflect their actions.

The following discussion is subdivided into four sections: ground water; wastewater; surface water;
and containerized liquids. The ground water section is concerned with obtaining samples from
subsurface waters. The wastewater section previews manual and automatic samplers. The surface
water section includes any fluid body, flowing or otherwise, whose surface is open to the atmosphere.
The containerized liquid section will address sampling of both sealed and unsealed containers of sizes
varying from drums to large tanks. Overlap may occur between sections as some equipment may have
multiple applications; when in doubt, all sections should be consulted.

5.2.1 Ground Water Sampling Equipment

The importance of proper ground water sampling cannot be over emphasized. Even though the
monitor well or temporary well point may be correctly located and constructed, precautions must
be taken to ensure that the collected samples are representative of the ground water at that loca-
tion. Extreme care must be taken to ensure that the sample is neither altered nor contaminated by
the sampling equipment, sampling process or the sample handling procedure. This care extends to
any purging equipment chosen to prepare the well for sampling.

Water within the well casing and filter pack may not be entirely representative of the overall
ground water quality at the site. At the screened interval, this may be due to the presence of
drilling fluids or general substrate disturbance following construction. Within the water column
above the screen, physical and chemical conditions may vary drastically from conditions in the
surrounding water-bearing zones. For these reasons, one of the following three general procedures
must be employed prior to sample collection: 1) standing water above the screened interval must
be evacuated from the top of the water column; 2) water within the screened interval must be
removed until well stabilization is observed or; 3) a non-purge sampling technique may be em-
ployed, but only after pre-approved. (See Chapter 6, Sample Collection, Section 6.9., Ground
Water Sampling Procedures, for more on sampling collection). Choosing the proper purging and
sampling equipment will depend upon the chosen sampling technique which, in turn, will be
determined by the sampling objectives.

5.2.1.1 Bottom Fill Bailer

One of the oldest and simplest methods of monitor well sampling is bailing. Bailer design is
simple and versatile, consisting of a cylindrical length of PTFE or stainless steel with a check

Return to TOC 
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valve at the bottom. Bailers (Figures 5.1 and 5.2) are available in numerous dimensions to
accommodate a wide variety of well diameters. Their low relative cost allows them to be
utilized for a one-time use per well per sampling episode.

The leader or bailer line that
comes in contact with the
water must be constructed of
PTFE coated stainless steel.
Above the leader, dedicated
polyethylene cord is accept-
able, if it does not contact
the water.

The bailer, and any other
equipment entering the well,
must be laboratory cleaned
and handled with new
surgical gloves to prevent
cross contamination. Surgi-
cal gloves must be changed
between each sample
location. Clean sampling
equipment and any other
objects entering the well
should not be allowed to
contact the ground or any
other potentially contaminated surfaces (e.g. gasoline-fueled generators). If this should occur,
that item should not be placed in the well or utilized for sampling. It is always a good practice
to have extra laboratory cleaned bailers available at the site. Additionally, bailers and sample
bottles must be physically separate from pumps or generators during transport and storage.

Disposable bailers are available in Teflon® and polyethylene construction. Teflon® disposable
bailers can be used for any analysis, however, polyethylene disposable bailers can only be used
for metals analysis. Disposable bailers are typically decontaminated by the manufacturer and
must be provided in a sealed polyethylene bag. The manufacturer must be prepared to provide
certification that the bailers are clean and state in writing the methods used to achieve decon-
tamination. These bailers may then be acceptable for use depending on site-specific objectives
and conditions.

Figure 5.1  Bottom fill bailer with Teflon® coated stainless leader (Photograph by J. Schoenleber)

Figure 5.2  Teflon® constructed baler with Teflon® ball check
valve (Photograph by J. Schoenleber)
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Despite their attractive nature, bailers, even when carefully handled, result in some disturbance
of the sample. Samples collected with bailers must be recovered with a minimal amount of
aeration. This can be accomplished if care is taken to gradually lower the bailer until it contacts
the water surface and is then allowed to fill as it slowly sinks in a controlled manner. However,
despite the care taken to control aeration during the fill process, filling and emptying the bailer
will alter dissolved oxygen concentrations. Due to these reasons (operator induced turbulence
and air exposure) this device can not be relied upon to deliver accurate and reproducible mea-
surements of any air sensitive parameter including, but not limited to, dissolved oxygen, pH,
carbon dioxide, iron and its associated forms (ferric and ferrous). In addition, volatile organic
analytical results may be biased low (due to aeration) and metals analytical results may be
biased high (due to turbidity). Regardless, if this device is approved for use to collect analytical
samples for data submission to the Department, it can not be used for data submission of the air
sensitive parameters mentioned above. The Technical Requirements for Site Remediation
(N.J.A.C. 7:26E-3.7) require that monitor well purge data accompany every ground water
sample collected. Since bailers, by their nature, cannot provide for certain aspects of that
requirement, a variance request for collection of any air sensitive parameter measurement by a
bailer must be submitted for approval prior to sampling. Use the, US Geological Survey’s, Book
9, Handbooks for Water-Resources Investigations, National Field Manual for the Collection of
Water-Quality Data, Chapter 6A, Field Measurements, 6.2.1.C, Measurement/Ground Water,
(http://water.usgs.gov/owq/FieldManual/), or, chose one of the references at the end of this
chapter for documentation upon which to base the variance request.

Procedures for Use:

i. Remove laboratory decontaminated dedicated bailer from protective covering and connect
to laboratory decontaminated dedicated leader/cable.

ii. Lower bailer slowly using polyethylene line until it contacts the water surface.

iii. Allow bailer to sink and fill with a minimum of disturbance to the sample.

iv. Slowly raise the bailer to the surface. Avoid contact of the bailer line to the well casing and/
or ground.

v. Tip the bailer to allow a slow discharge from the top gently down the side of the sample
bottle to minimize turbulence. A bottom-emptying device may also be utilized and may
prove more useful when sampling for volatile organics. When applicable, always fill
volatile organic sample vials first, to zero headspace, with the first bailer full of water.

vi. Repeat steps ii. to v. until a sufficient sample volume is acquired.

vii. Follow procedures for preservation and transport (see Chapter 2, Appendix 2.1, Tables of
Analytical Methods).

viii.Place used bailer in bag for return to lab for decontamination and dispose of polyethylene
line.

ix. Procure an additional lab decontaminated bailer and proceed to the next sampling location.
Repeat procedure.

x. When split sampling is required, sample from the bailer is used to alternately fill each bottle
for every parameter of concern between all interested parties.

Return to TOC 
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Advantages:

• no external power source required
• economical enough that a separate laboratory cleaned bailer may be utilized for each well,

therefore eliminating cross contamination
• available in PTFE or stainless steel construction
• disposable bailers acceptable when material of  construction is appropriate for contaminant
• simple to use, lightweight, portable
Disadvantages:

• limited volume of sample collected
• unable to collect discrete samples from a depth below the water surface
• field cleaning is not acceptable
• may not be used for well evacuation
• representativeness of sample is operator dependent
• reusable polyethylene bailers are not acceptable sampling devices for chemical analysis:
• ball check valve function susceptible to wear, dimension distortion and silt buildup resulting

in leakage. This leakage may aerate succeeding sample and may gather unwanted material by
rinsing unwanted material from well casing.

• cannot provide reliable or reproducible data for air sensitive parameters, e.g., dissolved
oxygen, pH, carbon dioxide or iron and its associated forms. As a result, operator must submit
to the Department a request for a variance from the Technical Requirements for Site Reme-
diation Regulations (N.J.A.C. 7:26E-3.7), which requires the sampler to measure, record and
submit well purging data.

• volatile organic analytical results may be biased low (due to aeration) and metals results may
be biased high (due to turbidity).

• dedicating a bailer and leaving it in a well for long term monitoring is not recommended due
to the potential risk of accumulated contamination.

5.2.1.2 Peristaltic Pump

A peristaltic pump (Figure 5.3) is a self-priming suction lift (negative air pressure) pump
utilized at the ground surface, which consists of a rotor with ball bearing rollers. One end of
dedicated tubing is inserted into the well. The other end is attached to a short length of flexible
tubing, which has been threaded around the rotor, out of the pump, and connected to a discharge
tube. The liquid moves totally within the tubing, thus no part of the pump contacts the liquid.
Tubing used for well evacuation may also be used for sample collection. Teflon®-lined polyeth-
ylene tubing is recommended for sampling. Medical grade silastic tubing is recommended for
tubing in contact with the rotors. Based upon the required analysis and sampling objectives
other materials are acceptable, but must first be approved on a case by case basis.

Due to the undesirable effects of negative pressure, which this pump continuously imparts to a
sample, accurate and reproducible measurement of air sensitive parameters can not be obtained.
This bias is extended to samples collected for, but not limited to, the following analyses:
volatile organics, dissolved oxygen, pH, carbon dioxide, iron and its associated forms (ferric
and ferrous). As a result, this device is restricted from the collection of surface and ground

Return to TOC 
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water samples for volatile
organic analysis. Since the
Technical Requirements for
Site Remediation (N.J.A.C.
7:26E-3.7) require that field
measurements of dissolved
oxygen, pH, temperature
and specific conductivity
accompany all sample
collection data and, since
this device is incapable of
accurately delivering these
measurements, a variance
from the Technical Require-
ments must be obtained by
the sampler. Use the US
Geological Survey’s Book 9,
Handbook for Water-
Resources Investigations,
National Field Manual for
the Collection of Water-
Quality Data, Chapter A6, Field Measurements, 6.2.1.C, Measurement/Ground Water for
documentation on which to base the variance request (http://water.usgs.gov/owq/FieldManual/).

For the reasons stated above, this device may not be employed when utilizing the low-flow
purging and sampling technique. Since some air sensitive parameters may support a scientific
basis for choosing Monitored Natural Attenuation as a remedial strategy, use of this device may
lead to unfounded decisions.

Procedures for Use

i. Check tubing at rotor for cracks or leaks, replace if necessary.

ii. Thread flexible length of tubing through rotor/pump.

iii. Insert dedicated length of tubing in well and attach to flexible tubing at rotor.

iv. Tubing depth introduced into the water column should not exceed 12 inches.

v. If necessary, add a small stainless steel weight to tubing to aid introduction of tubing into
well casing (especially helpful in 2-inch diameter wells).

vi. Attach evacuation line to outlet of flexible pump tubing such that the discharge is directed
away from pump and well.

vii. Engage pump and commence evacuation. Pump speed must be maintained at a rate that will
not cause significant drawdown (>0.3 ft.). After well has been properly evacuated begin
sampling.

viii.Collect sample into laboratory cleaned sample bottles and follow procedures for preserva-
tion and transport (see Chapter 2, Appendix 2.1, Tables of Analytical Methods)

Figure 5.3  Geopump™ Peristaltic Pump (Photograph by J.
Schoenleber)

Return to TOC 

http://water.usgs.gov/owq/FieldManual/


Field Sampling Procedures Manual
Chapter 5A – Page 12 of 94

Advantages:

• may be used in small diameter wells (2")
• sample does not contact the pump or other sampling equipment other than tubing prior to

collection
• ease of operation
• speed of operation is variably controlled
• commercially available
• no decontamination of pump necessary (however, all tubing must be changed between wells)
• can be used for sampling inorganic contaminants
• purge and sample with same pump and tubing when analysis is limited to inorganics
Disadvantages:
• depth limitation of 25 feet
• potential for loss of volatile fraction due to negative pressure gradient, therefore volatile,

semivolatile and air sensitive parameters cannot be collected through this device
• cannot provide reliable or reproducible data for air sensitive parameters e.g. dissolved

oxygen, pH, carbon dioxide or iron and its associated forms. As a result, operator must submit
to the Department a request for a variance from the Technical Requirement for Site Remedia-
tion Regulations (N.J.A.C. 7:26E-3.7), which requires the sampler to measure, record and
submit well purging information associated with above parameters.

• may not be used as a pump in a low-flow purging and sampling scenario

5.2.1.3 Bladder Pump

An example of positive-displacement, the bladder pump (Figure 5.4) consists of a PTFE (e.g.,
Teflon®) or stainless steel housing that encloses a flexible Teflon® membrane. Below the blad-
der, a screen may be attached to filter any material that may clog check valves located above
and below the bladder. The pumping action begins with water entering the membrane through
the lower check valve and, once filled, compressed gas is injected into the cavity between the
housing and bladder. Utilizing positive-displacement, water is forced (squeezed) through the
upper check valve and into the sample discharge line. The upper-check valve prevents back flow
into the bladder. All movement of gas and sample is managed through a series of regulators
housed in a control mechanism at the surface. The source of gas for the bladder is either bottled
(typically nitrogen or ultra zero air) or via an on-site oil-less air compressor. Flow rates can be

Figure 5.4  Example of a Teflon® constructed bladder pump, complete (top) and exploded version
illustrating internal Teflon® bladder (Photograph by J. Schoenleber)

Return to TOC 



Field Sampling Procedures Manual
Chapter 5A – Page 13 of 94

reduced to levels much like the variable speed centrifugal submersible pump without fear of
motor stall.

Bladder pumps must be laboratory cleaned and dedicated to each well. This means that bladder
pumps are permanently installed for long-term monitoring as long as the bladder is made of
material not affected by long-term exposure to contaminants.

Field cleaning of bladder pumps is acceptable only if the following conditions are met: 1) the
bladder pump housing is constructed of stainless steel with an internal disposable bladder and 2)
one of either the eight-step, Cold Regions or ultra clean decontamination methods are em-
ployed.

Procedures for Use:

i. Check all fittings for tightness.

ii. Lower decontaminated pump and dedicated tubing into the well below the water table.

iii. Connect compressor to power source ensuring the power source is downwind to prevent
fumes from entering sampling area. If compressor is not used, connect to external air
source.

iv. Engage air source (compressor or external) via control box. Full water flow will begin after
five to fifteen pumping cycles. After stabilization of well water has been observed and
recorded, sampling may begin.

v. Adjust the refill and discharge cycles to optimize pumping efficiency. This can be per-
formed by the following process:

vi. Adjust the refill and discharge cycles to 10-15 seconds each. Measure the water volume
discharged in a single cycle.

vii. Shorten the discharge cycle time until the end of the discharge cycle begins to coincide with
the end of water flow from the pump outlet.

viii.Shorten refill cycle period until the water volume from the discharge cycle decreases 10-
25% from the maximum value measured in the first step.

ix. Reduce the flow rate, by adjusting the throttle control, to 100-150 ml/min or less while
sampling volatile and semi-volatile organics.

x. Collect sample directly from discharge line into laboratory cleaned sample bottles after well
has stabilized and follow procedures for preservation and transport (see Chapter 2, Appen-
dix 2.1, Tables of Analytical Methods).

Advantages:

• positive-displacement
• acceptable for well evacuation and sample collection for all parameters
• simple design and operation
• operational variables are easily controlled
• minimal disturbance of sample
• in-line filtration possible
• available in a variety of diameters

Return to TOC 
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• no variances from the Technical Requirements for Site Remediation necessary
Disadvantages:

• large gas volumes may be needed, especially for deep installations
• only pumps with disposable bladders may be field cleaned for portable use when approved

decontamination methods are employed

5.2.1.4 Variable Speed Submersible Centrifugal Pump

Improvements in the design of submersible centrifugal pumps over the last decade have resulted
in pumps significantly reduced in overall size with variable speed discharge control. These two
key features, coupled with stainless steel and Teflon®

construction have enhanced the desirability of this pump
for application of low-flow purging and sample collection.
The Grundfos® Redi-Flo 2 (Figure 5.5) is one of the more
common models of this style pump commercially avail-
able for sample collection. However, there are some
limitations to this model pump, which when properly
identified and anticipated, will allow the user to overcome
commonly encountered situations.

The variable speed feature is one of the key design items,
which allows for application of low-flow purging and
sample collection. In order to compensate for the reduc-
tion in impeller dimension without significant loss of
pump capacity, the motor must turn at a high rate of speed.
In the process of achieving high speed, low-end torque
(power) has been sacrificed. The result is that to start, or
restart the pump, the speed control has to be increased
considerably to overcome head pressure, especially if
water must open a check valve. This sudden and increased
change in flow rate may mobilize unwanted material from
the surrounding formation. To address this potential
“restart” issue, especially during the course of a low-flow
purging and sampling episode, one must make sure that
the generator supplying power to the pump is properly
fueled to avoid power loss. In addition, when selecting
check valves, look for valves that open with the least
amount of resistance and can be placed in-line at the
surface. Accessibility to a check valve at the surface may
eliminate the need to pull the pump from the well in order
to remove the standing column of water within the tubing.
Pulling the pump from the well to relieve head pressure
will result in extending the time it takes to reach stabiliza-
tion due to unwanted disturbance of the well.

Low yielding wells can also test the limits of variable
speed design. When low yield wells are encountered and
excessive drawdown restricts flow rates to100 ml/min or
less, pump speed control becomes sensitive. In these

Figure 5.5  Grundfos® Pump.
Illustration published with
permission of Grundfos® Pumps
Corporation
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conditions, the pump may stall and the flow rate cease altogether creating another “restart”
situation where pump speeds have to be increased significantly to overcome head pressure. This
is not the desired scenario when attempting low flow purging and sampling. To avoid this
circumstance, make sure that the control box is equipped with a “ten-turn-pot” frequency
control knob. This accessory will allow for much better control over flow rates and incidental
pump stoppage when sampling low yield wells.

Reduced overall pump dimension and high turning motor speeds make temperature control
critical to overall performance. The pump is designed to use water flowing along the surface of
the pump housing to prevent an increase in motor temperature. Elevated water temperature
generated by the motor must be considered especially when a low-flow purging and sampling
technique is being utilized. Well casing diameters play a factor in the control equation. For
large-diameter cased wells (> 4 inch), where flow to the pump intake is more horizontal than
vertical, Grundfos® manufactures a sheath attachment to redirect flow patterns and control heat
buildup. In small-diameter wells, movement is more conducive to the design function until low-
yielding conditions are encountered. For those instances where temperature is being monitored
and there is a steady and significant increase in temperature, do not alternately turn the pump on
and off to control temperature buildup. This action will only serve to disrupt the well. Instead,
make note of the condition in the field log and disregard any attempt to achieve temperature
stabilization prior to sample collection. Where there is a significant increase in temperature, the
Department may qualify the VOC and SVOC data accordingly.

When using variable speed submersible pumps to collect the field blank, one must follow the
same general rules for all ground water sampling equipment. This includes the requirement that
“all” sampling equipment, which comes in contact with the sample, must also come into contact
with the field blank water. To overcome some of the difficulties that sampling through the inside
of a pumping system creates, the following procedure is strongly recommended. Prepare field
blank collection by filling a 1000ml decontaminated graduated glass cylinder with method
blank water supplied by the laboratory performing the analysis. Place a properly decontami-
nated pump into the graduated cylinder with sample tubing and plumbing fittings attached.
Activate the pump and collect the required field blank samples. As the water is removed from
the cylinder, replace with additional method blank water. This procedure will require that the
laboratory supply field blank water in a non-traditional manner: bulk water in liter or 4-liter
containers. The traditional requirement that field blank water be supplied in the same identical
containers as the sample being collected can not be practically satisfied in this circumstance.
The identical bottle to bottle field blank requirement is waived for this sampling technique
procedure only.

Finally, this particular pump (Grundfos® Redi Flo 2) is designed to utilize a coolant fluid
(deionzed water) that is stored internally to assist in heat movement. This fluid is separated
from the sample intake by a Viton® seal through which the spinning motor shaft passes. Wear on
this seal can allow for fluid exchange with the sample intake. For this reason, proper decontami-
nation of this pump is critical and includes the complete disassembly of the motor shaft from
the stator housing (Figure 5.6). For proper cleaning, use the decontamination procedures for
ground water sampling equipment (see Chapter 2, Quality Assurance, and read the Redi Flo 2
manufacturer’s instructions). Always refill the housing with fresh distilled/deionized water.
Note:  always move (jiggle) the motor shaft while filling to ensure any trapped air is displaced
by water, otherwise damage to the motor through overheating is possible. Replace the Viton®

seal periodically and remember that care must also be taken with this pump during periods of
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cold weather to avoid freezing of the coolant water. Proper decontamination and maintenance
not only helps to ensure more reliable data; it also prolongs the life of any pump.

Procedures for use:

i. Decontaminate pump, electrical leader and all associated fittings.

ii. For low-flow purging and sampling, attach precut tubing whose length has been predeter-
mined based upon well-specific pump intake depth (See Chapter 6, Sample Collection, for
specifics regarding low-flow procedures).

iii. For volume-average sampling, set the pump either within three feet of the top of water
column, or, immediately above the well screen depending on chosen method.

iv. Install pump slowly through water column wiping down tubing with DI saturated paper
towel.

v. If a portable gasoline generator is used, it should be placed downwind. The generator
should not be operating while a sample is being collected.

vi. Initiate purge based on procedure selected.

vii. After purging, collect sample as specified in approved sampling plan.

Advantages:

• Positive-displacement
• Versatile and light weight
• Variable speed control at surface allows for fine tuning of flow rate
• Stainless steel and Teflon® construction

Figure 5.6  Grundfos® Pump being prepared for decontamination (Photograph by J. Schoenleber)
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• Complete disassembly allows for access to all parts for thorough decontamination
• Acceptable for low-flow purging and sampling
Disadvantages:

• During low-flow purging and sampling temperature increases may be observed
• At extremely low-flow rates, motor stall possible. To reestablish flow, high pumping rate may

be needed to restart
• Should manufacturer’s disassembly instructions for decontamination not be followed, cross-

contamination of well is possible.

5.2.1.5 Gear Pump

A positive-displacement pump, this small lightweight pump manufactured by Fultz Pumps, Inc,
also has the capacity for variable speed control (Figure 5.7). The applications of this pump are
similar to the variable speed submersible centrifugal pump. Choose a pump with stainless steel
housing and Fluorocarbon polymer rotors or gears (Figure 5.8). Internal parts (gears) are not
readily accessible, therefore careful attention must be made when cleaning. This must be
considered when choosing to use this pump for a portable application. Many are designed with
the power supply molded into the sample tubing. This makes custom length of tubing based on

Figure 5.8  Gear Pump.  Illustration
published with permission of Fultz Pumps,
Inc.

Rotors

Pump head
(internal
mechanism
not shown)

Figure 5.7  Fultz Pump.  Illustration published with
permission of Fultz Pumps, Inc.

Return to TOC 



Field Sampling Procedures Manual
Chapter 5A – Page 18 of 94

individual well requirements impractical during a portable application. Single molded power
supply and sample tubing is also difficult to decontaminate when using this pump on a portable
basis. Instead, choose pumps whose power supply and pump discharge lines are separate. This
pump may be best applied when used in a dedicated system.

Procedures for use:

i. Decontaminate pump, electrical leader and all associated fittings

ii. For low-flow purging and sampling, attach precut tubing whose length has been predeter-
mined based upon well-specific targeted zone of influence information. (See Chapter 6,
Sample Collection, for specifics regarding low-flow procedures)

iii. For volume average sampling, set the pump either
within three feet of the top of water column, or,
immediately above the well screen depending on
chosen method.

iv. Install pump slowly through water column wiping
down tubing with DI saturated paper towel

v. Initiate purge based on procedure selected

vi. At end of purge, collect sample as specified in ap-
proved sampling plan.

Advantages:

• Positive-displacement
• Light weight
• Good variable speed control, especially at low rates
• Acceptable for Low-flow Purging and Sampling

Disadvantages:

• For portable sampling, many designed with power
supply molded into tubing, which is difficult to decon-
taminate.

• Turbid purge water wears on Fluorocarbon gears

5.2.1.6 Progressing Cavity Pump

Another example of positive-displacement pump, progress-
ing cavity pumps (Figure 5.9) are lightweight, manufac-
tured in a variety of sizes and materials and pump rates are
controllable at the surface. This is another example of a
pump whose power delivery may be molded into the
discharge tubing creating the need to decontaminate tubing
between each sample. Choose pumps with stainless steel
housings, chemically resistant stators and whose power
and discharge tubing is separate. Many are powered by 12-
volt battery and are limited to depths of approximately 150
feet.

Figure 5.9  Progressive Cavity
Pump.  Illustration published with
permisison of Geotech
Environmental Equipment, Inc.

Arrows indicate
direction of flow

Viton®
stator

Motor
(internal
mechanism
not shown)
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Procedures for Use:

i. Decontaminate pump, electrical leader and all associated fittings

ii. For low-flow purging and sampling, attach precut tubing whose length has been predeter-
mined based upon well-specific targeted zone of influence information. (See Chapter 6,
Sample Collection, for specifics regarding low-flow procedures)

iii. Initiate purge based on procedure selected

iv. At end of purge, collect sample as specified in approved sampling plan.

Advantages:

• Positive-displacement
• Light weight
• Good variable speed control, especially at low rates
• Housing available in stainless steel construction with stator of highly inert material
• Acceptable for low-flow purging and sampling
Disadvantages:

• For portable sampling, many are designed with power supply molded into tubing, which is
difficult to decontaminate and less appealing for portable sampling scenarios.

5.2.1.7 Reciprocating Piston Pump

A positive-displacement pump, this device utilizes a piston whose movement within a valved
chamber draws, and then forces, water to the surface with minimal agitation (Figure 5.10).
Driven by compressed air supplied at the surface, single piston pumps will operate to depths
approaching 500 ft. (double piston pumps operate to depths up to 1000 ft.). Smaller 1.8 inch
diameter models require 3/8" air supply and ½" air exhaust lines with a ½" diameter water
discharge line. Restricting air supply controls flow rates. Air supply lines can be purchased
either fused forming a single unit or as two separate lines. Tubing and flow control may be set
up on a reel assembly. Pictured is a Bennett Pump (Figure 5.11).

Procedures for Use:

i. Decontaminate pump, outside of air supply/exhaust lines, sample discharge line and all
associated fittings

ii. Dispense pump and all lines from reel

iii. Lower pump slowly through water column wiping down tubing with DI saturated paper
towel

iv. For volume average sampling, set the pump either within three feet of the top of water
column, or, immediately above the well screen depending on chosen method.

v. For low-flow purging and sampling set pump at predetermined depth within well screened
interval

vi. Control air pressure via regulator and gauge to adjust sample flow rates

vii. Air pressure supplied by portable air compressor (5.2 cfm @ 140 psi for 1.8" diameter
model)
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Figure 5.11
Bennett Pump

Figure 5.10  Reciprocating Piston Pump
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Illustrations published with permission of Bennett Sample Pumps.
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Advantages:

• Stainless steel construction of pump body and piston.
• Variable speed control
• Positive-displacement
• Portable or dedicated sampling options
• Flow rates as low as 0.75 liters per minute
• Pump disassembly possible for decontamination purposes

Disadvantages:

• Large sample discharge (½" diameter) on 1.8 inch diameter model
• Operation from reel in portable mode makes decontamination of tubing difficult
• Worn parts may allow compressed air to cross into sample or result in loss of pump efficiency

5.2.1.8 Inertial Pump

As the name implies, this pump works
on the principle of inertia. The pump
consists of polyethylene or Teflon®

tubing with a foot or ball-check valve
attached at one end (Figure 5.12). The
foot or ball-check valve allows water
to enter the tubing, but prevents water
from draining out. Simply raising and
lowering the tube over a short distance
operates the pump. Movement on the
downstroke forces the valve open
allowing water to enter the tubing. On
the on the upstroke, the valve closes
trapping water inside the tubing.
Continued up and down movement
advances water upward due to inertia.
There is virtually no pressure gradient
at the valve, however there may be
considerable disturbance within the
well casing, which limits the value of the technique. Using this technique in wells established in
silty geologic settings may produce sample results that are biased high for inorganic analysis.
Sporadic non-laminar sample delivery into the container at the surface may bias volatile analy-
sis low. The operation can be performed manually or automatically utilizing a power unit. The
automatic mode does allow for some control on well disturbance and sample delivery. The
technique does have favorable application for field screening of narrow diameter (>1 inch)
temporary wells and field screening for vertical delineation of contaminant plumes utilizing
direct push technology (Figure 5.13).

Procedures for Use:

i. Attach decontaminated Teflon® foot check valve or stainless steel ball check valve to end of
tubing

Figure 5.12  Waterra Pump. Illustration published with
permission of Waterra.
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ii. Wipe tubing with paper
towel and DI water as
tubing is lowered into
well

iii. Begin up and down
movement at desired
depth avoiding distur-
bance of well casing to
best ability

Advantages:

• Inexpensive
• Ease of operation
• Decontamination of

valves relatively simple
• Best use limited to field screening of volatiles when utilizing direct push technology and

narrow diameter temporary well points

Disadvantages:

• Manual use is labor intensive
• Use produces considerable agitation and turbid conditions
• Uneven sample delivery
• May cause VOC loss due to agitation
• Use in slow-recharge narrow-diameter temporary well points may cause the water level to

drop significantly and result is aeration of the water column

5.2.1.9 Syringe Sampler

Syringe samplers are specialized devices designed to capture and preserve in-situ ground water
conditions by precluding sample aeration and pressure changes from sample degassing (escape
of VOCs) or outgassing (escape of inorganic gases).   Their use, while not widely applied to
general monitor well sampling, does have application when attempting to collect a discrete,
non-purged sample.  Examples may include collecting an undisturbed aliquot of dense non-
aqueous phase liquid from the very bottom of a well, or, targeting a zone for field analytical
measurement.

Measurement of water quality indicator parameters made in discrete or nonpumped samples are
more vulnerable to bias from changes in temperature, pressure, turbidity and concentrations of
dissolved gases than measurements using a downhole or flow through-chamber system.  As a
result, subsamples can be used for conductivity, pH and alkalinity but should not be used for
reported measurements of temperature, dissolved oxygen, Eh or turbidity.

The device shown in Figure 5.14, manufactured by General Oceanics 
(http://www.generaloceanics.com/), is constructed of stainless steel and glass components and is
designed to universally accept standard off the shelf medical syringes of varying volumes.  The
stainless steel and glass construction allows for more through cleaning when sampling between
monitor wells.  Another model manufactured by General Oceanics is constructed of polycarbon-
ate material and as a result can only be used on a one-time basis.

Figure 5.13  Two styles of foot check valves offered by
Geoprobe® for narrow diameter temporary well points
(Photograph by J. Schoenleber)
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Advantages:
• Can sample at discrete depths
• Interior of sampler not exposed to

water column
• Potential for use as a collection

device for field screening tech-
niques

Disadvantages

• Small sample volume renders
comparison of duplicate and
quality assurance samples incon-
clusive

• Not recommended for analysis of
volatile organics from samples
collected in monitor wells due to
potential volatile loss

• Use of this no-purge device must
be approved on a case by case
basis.

5.2.1.10 Suction-lift Pumps

Suction-lift pumps (e.g., diaphragm,
surface-centrifugal and peristaltic)
are pumps situated at the ground surface with tubing (polyethylene or flexible PVC) inserted
into the well leading from the pump to the top of the water column. Diaphragm and surface-
centrifugal pumps are used only to evacuate wells prior to sampling. Peristaltic pumps can be
used to sample inorganic contaminants. All tubing must be new and dedicated to a particular
monitor well. As the tubing is inserted into the well, it must be wiped down with paper towels
and distilled/deionized water. Tubing associated with surface-centrifugal pumps should be
equipped with a decontaminated foot check valve to avoid having aerated water within the
pump fall back into the well prior to sampling. Should a check valve not be employed, then the
pump must continue to operate during removal of tubing to avoid purged water remaining in the
tubing and pump chamber from falling back into the well.

These evacuation only pumps are typically associated with volume-averaged sampling where
three-to-five standing water volumes are removed from the well prior to sampling with a bailer.
Again, ground water can not be collected through suction lift pumps for chemical analysis with
the exception of inorganic analysis via peristaltic pumps. When using surface centrifugal pumps
for purging, care must be taken to ensure that the entire pump impeller housing chamber is
drained after use and then is thoroughly rinsed to remove build up of suspended materials.

The main limitation exhibited by these types of pumps is their inability to overcome the physi-
cal constraints imposed by one atmosphere of pressure. Generally, water within the well casing
must be twenty-five feet from the ground surface or the pump’s efficiency in pulling water to
the surface diminishes dramatically. Note:  If priming the pump is necessary, care must be taken
as to the source of the water used. ONLY potable water is acceptable.

Figure 5.14  Syringe Sampler.  Illustration published
with permission of General Oceanics, Inc.
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5.2.1.11 Passive Diffusion Bag Samplers (PDBs)

5.2.1.11.1 Deployed In Monitor Wells

When confronted with sampling a monitor well that displays little or virtually no
recharge capability during well evacuation (where historic data indicate drawdown
exceeds 3 tenths of a foot while purging at flow rates that are equal to or below 100
ml per minute), the option to use this no-purge sampling technique may be justified.
More appropriately, there may be instances where long term monitoring during the
operation and maintenance phase of remediation justifies their use. Whatever the
reason, use of passive diffusion bags must be granted prior approval, as there are
well-defined limitations to this sampling technique that must be understood by the
sampler, as well as the end user of data. Due to the limited number of contaminants
PDB samplers are capable of detecting, these devices  are not recommended for
initial investigations where a more complete understanding of the contaminants of
concern remains to be determined. In addition, PDB samplers are not recommended
for sampling sentinel wells. For more information on NJDEP sampling policy and
procedures related to this device consult Chapter 6, Sample Collection, Section 6.9,
Ground Water Sampling Procedures, Subsection 6.9.2.5.1, Passive Diffusion Bag
Samplers, before using PDBs.

PDB samplers are made of low-density polyethylene plastic tubing (typically 4 mil),
filled with laboratory grade (ASTM Type II) deionized water and sealed at both ends
(Figure 5.15). The samplers are typically about 18 to 20 inches in length and can hold
from 220 ml to 350 ml of water. Vendors can usually modify the length and diameter
of a sampler to meet specific sampling requirements.

Teflon® coated stainless-steel wire is preferable for deploying the samplers in the
well. Teflon® coated stainless-steel wire can also be reused after proper decontamina-
tion. As an alternative to Teflon® coated stainless steel wire, synthetic rope may be

Figure 5.15  Eon PDB Sampler with accessories (Photograph by J. Schoenleber)
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used as the deployment line for single-use applications if it is low stretch, non-
buoyant, and sufficiently strong to support the weight of the sampler(s). An example
of acceptable rope would be uncolored (white) 90-pound, 3/16-inch-braided polyes-
ter. Extreme care must be exercised when using rope as a deployment line in deep
wells due to the potential for the deployment line to stretch, which may result in
improper location of the PDB sampler within the well screen or open hole of the
well. Deployment lines consisting of material other than Teflon® coated stainless
steel wire may not be used in another well and must be properly disposed of after a
one-time use.

The sampler is positioned at the desired depth interval in the well by attachment to a
weighted deployment line and left to equilibrate with the water in the well. Many
VOCs equilibrate within 48 to 72 hours, however, the minimum recommended
equilibration period for PDBs is 2 weeks. This is to allow the formation water and
well water to re-stabilize after deployment of the samplers, and to allow diffusion
between the stabilized well water and the PDB sampler to occur. In low-yielding
formations, additional time may be required for the well to re-stabilize.

If quarterly sampling is being conducted, it is acceptable to leave PDB samplers in
the well for up to three months so that samplers can be retrieved and deployed for the
next monitoring round during the same mobilization. Unfortunately, data are cur-
rently unavailable to support longer deployment periods (i.e., semi-annual or annual).
Leaving samplers in a well for longer than 3 months is not recommended. If future
data become available which demonstrate longer deployment timeframes are appro-
priate, this condition will be modified.

Advantages:

• Purge water associated with conventional sampling reduced or eliminated.
• The devices are relatively inexpensive.
• Simple deployment and recovery reduces the cost and the potential for operator

error.
• Monitoring well stability parameters are not required which reduces associated

cost.
• PDB samplers are disposable.
• The stainless steel weights and Teflon® coated wire are the only pieces of equip-

ment needing decontamination.
• Quick deployment and recovery is a benefit when sampling in high traffic areas.
• Multiple PDB samplers can be deployed along the screened interval or open

borehole to detect the presence of VOC contaminant stratification.
• Has been shown to deliver accurate dissolved oxygen measurement.
• Since alkalinity conditions in the well are not transferred across the membrane,

effervescence associated with HCl preservation is avoided.

Limitations:

• PDB samplers provide a time-weighted VOC concentration that is based on the
equilibration time of the particular compounds; usually that period is 2 to 3 days.
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This is a limitation if sampling objectives are to identify contaminant concentra-
tions at an exact moment the sample is collected. The time-weighted nature of the
PDBS may be a factor in comparison with low-flow sampling if concentrations
have been shown to be highly variable over time.

• PDB samplers have a limited detection capability.
• PDB samplers work best when there is unrestricted horizontal movement of ground

water through the well-screen or open hole. If filter packs or screens are less
permeable than the surrounding formation, ground water flow lines may not enter
the well and PDB samples may not be able to provide a representative sample.

• As with low-flow samples, PDB samplers represent a point sample. Contamination
migrating above or below the targeted depth interval will not be detected.

• Membrane limitations restrict accurate pH, specific conductance or temperature data.
• In some cases, heavy biofouling of the bag may inhibit sampler performance

5.2.1.11.2 Deployed in Lake, Stream, River or Estuarine Sediment

While the primary application of passive diffusion bag sampling is intended for
monitor well investigation, the device can be modified for application in steam
sediment when investigating ground water discharge areas. The same limitations
regarding the physical chemistry of contaminant diffusion across polyethylene
membranes apply to sediment settings. In addition, the lithology of the streambed, the
“gaining” relationship between the stream and investigation area and the remedial
phase pose further limitations that must be examined before approval of this adaptive
PDB application can be granted. In “gaining” situations, transect deployment of
PDBs over a two week period may indicate areas of concern that were previously
overlooked. Since the nature of PDB construction does not lend itself to the rough
handling and
deployment into
sediments, a
protective hous-
ing constructed of
2-inch diameter
PVC slotted well
screen material
offers a means to
deploy without
damage to the bag
(Figure 5.16).
(Note: Air in bag
artifact of long
time storage.)

The slotted well
screen serves as a
protective barrier
for the PDBs
while allowing
the free flow of Figure 5.16  PDB for Sediments using bag provided by

Columbia. (Photograph by J. Schoenleber)
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ground water to come into contact with the sampler. A two-inch PVC cap can be
placed on each end of the well screen. The bottom cap should be secured with a
standard 5/16-inch zinc plated bolt to assure that the cap will stay in place. A smaller
diameter through-hole can be drilled in the top cap and a short length of Teflon®

coated stainless steel braided wire can be looped through the cap, creating a “handle”
while holding the top cap securely in place.

Using a length (measurement based on need) of 4-inch diameter Schedule 80 PVC
pipe, drive18 to 24-inches into the sediment with a sledgehammer. This will form a
barrier (cofferdam) from any standing or moving water. Use a 4-inch Teflon® bailer to
remove the standing water within the coffer casing. This removal of water from the
casing will facilitate the use of a 3-inch stainless steel bucket auger to begin the
removal of sediment. Intermittently, the bailer may have to be used again to remove
any water that infiltrates the casing during the removal of sediment. Once the desired
depth into the sediment has been reached with the auger, the assembled PDB device
can be lowered through the casing into the open hole. A 6-foot length of polyethylene
line should be tied to the coated stainless steel braided wire to act as means to
relocate and assist in pulling the device from the sediment when the time comes for
retrieval. The auger can then used again to ensure the device is resting at the bottom
of the augured hole and to confirm the sampler’s depth.

A small amount of clean sorted coarse #2 sand should be poured from a stainless steel
bucket into the casing. This will create a type of filter pack around the device and
enhance contact with the surrounding formation. The sand also reduces the friction
when it comes time to remove the device from the sediment. After enough sand is
used to fill in the voids around the entire sample device, the native stream bed
sediment that was originally removed from the hole must be placed back on the top of
the device to complete the boring seal. The assembled device should be buried
vertically to a depth that allows for approximately 6-inches of coverage by native
sediment. Use extreme caution when removing the 6-inch casing as the PDB device
may want to follow along with the casing’s removal. An exact record of the location
of the sample device must be obtained using a global positioning satellite unit or
measured triangulation.

5.2.1.12 Direct Push Technology

Use of direct push technology to obtain ground water samples via temporary well points has
gained wide acceptance. The relative ease to collect minimally disturbed ground water samples
depth plus the ability to provide other hydrogeological data has made this system attractive.
While various manufactures make and distribute their own ground water equipment and acces-
sories, the same general principles still apply when collecting ground water samples. Chief
among them is following NJDEP required decontamination procedures. When using direct push
technology you must apply, at a minimum, the Cold Regions decontamination procedure dis-
cussed in Chapter 2, Quality Assurance, Section 2.4, Decontamination Procedures.

One of the special applications of direct push technology relative to ground water sampling is
the ability to obtain vertical profile information while working the same bore hole. This process
only further stresses the need to eliminate all possible sources of extraneous or cross contamina-
tion, especially when contaminant levels are on the order of only 1 or 2 parts per billion. High
pressure, hot water (100° C) cleaning is the only acceptable means to decontaminate sampling
equipment and maintain confidence that data is not influenced by unwanted variables. In
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addition, equipment must be maintained in good working order to insure its performance. This
means (but is not limited to) all rods used for boring advancement must have unworn O-rings at
each connection and undamaged threads to insure that each connection can be drawn tight, all
downhole equipment must be decontaminated between each use and sample collection tubing
must not be reused. Operators must have boring certification in good standing from the Bureau
of Water Allocation and all permit approvals must be on-site. Extreme caution must be taken to
insure that communication between various water bearing zones within the same boring does
not take place therefore, all grouting must be tremied under pressure starting from the bottom of
the boring and completed at the surface using grout of the required density. Finally, no boring
work can begin without first contacting New Jersey One Call service to secure utility mark-outs

General guidance on the construction of temporary wells installed via direct push technology
can be referenced through this manual, ASTM D6001-96, Direct Push Water Sampling for
Geoenvironmental Investigations, and via the following Internet links:
http://www.epa.gov/superfund/programs/dfa/dirtech.htm,
http://epa.gov/swerust1/pubs/esa-ch5.pdf, http://geoprobe.com, and
http://www.ams-samplers.com/main.shtm?PageName=welcome.shtm.

5.2.1.13 Packers

Packers, an accessory deployed in conjunction with pumps designed for sample collection, are
used to isolate portions of a well for sampling or other hydrogeological purposes. Expandable
rubber bladders, arranged singularly or in pairs, are designed to allow discharge and power
supply lines to pass through with the pump sandwiched in between. They deflate for vertical
movement within the well and inflate when the desired depth is reached.

Under certain circumstances, ground water contamination in bedrock aquifers can migrate to
significant depths. The presence of contaminants denser than water, high angle fractures, nearby
pumping wells, or a downward hydraulic gradient within the aquifer can facilitate the down-
ward migration of contaminants. Packers may be used to focus the investigation to a particular
fracture. Present NJDEP policy limits the length of bedrock well open borehole or screen length
to 25 feet.

To facilitate vertical contaminant delineation in bedrock aquifers, packer testing of a bedrock
borehole is commonly performed. Packer testing of a bedrock borehole can be conducted in two
different ways. The first method entails advancing the borehole to a pre-determined depth. Once
the borehole has been completed, information generated from drilling such as: changes in
borehole yield, changes in drilling rate, occurrence of weathered zones, presence of odors or
sheens, and the occurrence of elevated PID/FID readings, are used to determine the intervals
chosen for packer testing. Portions are then sectioned off using an upper and a lower packer.
Conducting down-hole video work, down-hole caliper logging or vertical flow measurement
may also be used to determine the borehole depths to set the packers.

The second method involves alternating the advancement of the borehole with packing off the
bottom and collecting a sample. Only one packer is needed to create a barrier at the top of the
newly drilled section (the bottom of the borehole completes the interval). Since the use of the
packer is undertaken in an alternating fashion with advancement of the borehole, the length of
the intervals is usually predetermined. This method is less prone to leakage but it is usually
slower and more expensive than other methods.

Pumping of water from within the packed interval can be used to estimate yield of the selected
zone, and the analysis of samples collected from each zone can be used to determine the vertical
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extent of ground water contamination. If samples are to be collected for field screening or
laboratory analysis, volume averaging or low-flow sampling techniques can be employed before
sample collection. The resolution of the ground water quantity and quality within the borehole
is based on the length of the bedrock borehole interval tested and usually does not exceed 20
feet in length.

If packers are not seated properly, water will leak around the system during the test. To determine if
leakage around the packer is occurring, transducers should be placed above and below each packer. If
the water level above the upper packer or below the lower packer drops while the interval is
being pumped, it is likely that water leakage around the packer is occurring. Packers used in
cored bedrock are less likely to develop leakage problems due to the uniformity and smoothness
of the borehole. Where the borehole intersects vertical or high angle fractures, leakage of water
around the packer via the fracture may be unavoidable. For more information on packer applica-
tion go to the following USGS web site: http://toxics.usgs.gov/pubs/FS-075-01/#4.

Procedures for Use:

i. Packers are assembled at the surface with the selected pump sandwiched between individual
bladders.

ii. Assembled unit is lowered to a predetermined depth by cable.

iii. Bladders are inflated from air-lines originating at the surface.

Advantages:

• isolates a portion of well for sampling at discrete transmission zones within an open borehole
or long screen

• decreases purge volume of a well

Disadvantages:

• sampler must be aware of background regarding contaminants and other well characteristics
• packers are constructed of rubber and may deteriorate with time, releasing undesirable

organics into the ground water
• should not be used for initial sampling episodes prior to identification of contaminants of concern
• sampler needs to know the stratigraphy and hydrology to be sure area packered is isolated

from other water  bearing zones
• the decontamination of packers is critical due to their multiple reuse from site to site
• packers used inside a well screen will not prevent water from flowing through the filter pack

from above and below the packers.

5.2.2 Wastewater Sampling Equipment

Wastewater sampling equipment is typically designed to collect aqueous samples from influent
and effluent sources at a treatment facility. Since large volumes of water are being monitored over
time, their ability to composite samples makes them most suitable. These devices may also be
adapted for characterizing mainstreams of rivers, estuaries, coastal areas, lakes or impoundments.

Samples may be collected manually or with automatic samplers. Whichever technique is adopted,
the success of the sampling program is directly related to the care exercised during sample collec-
tion. Optimum performance will be obtained by using trained personnel.
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5.2.2.1 Manual Sampling

There is minimal initial cost involved in manual sampling. The human element is the key to the
success or failure of any manual-sampling program. It is well suited to the collection of a small
number of samples, but is costly and time consuming for routine and large sampling programs

Advantages:

• low capital cost
• can compensate for various situations
• note unusual conditions
• no maintenance
• can collect extra samples in short time

Disadvantages:

• probability of increased variability due to sample handling
• inconsistency in collection
• high cost of labor when several samples are taken daily
• repetitious and monotonous task for personnel

5.2.2.2 Automatic Sampling

Automatic samplers are favored because of their cost effectiveness, versatility, reliability,
increased capabilities, greater sampling frequency and application to monitoring requirements
specific to discharge permits. Automatic samplers are available with widely varying levels of
sophistication, performance, mechanical reliability and cost. However, no single automatic
sampling device is ideally suited for all situations. For each application, the following variables
should be considered in selecting an automatic sampler:

• Variation of water or wastewater characteristics with time.
• Variation of flow rate with time.
• Specific gravity of liquid and concentrations of suspended solids.
• Presence of floating materials.
Selection of a unit should also be preceded by careful evaluation of the range of intended use,
the skill level required for installation and the level of accuracy desired. There are usually five
interrelated subsystems in the design of an automatic sampler to consider. These are the sample
intake, gathering, transport, storage, and power subsystems.

The reliability of a sample intake subsystem can be measured in terms of: freedom from plug-
ging or clogging; non-vulnerability to physical damage; minimum obstruction to flow; rigid
intake tubing or facility to secure or anchor; multiple intakes; and construction materials
compatible with analysis.

Commercial automatic samplers commonly use either a vacuum or a peristaltic pump. Figures
5.17 and 5.18 illustrate two versions of the ISCO® sampler for composite and sequential collec-
tion, respectively.

Most commercially available composite samplers have fairly small-diameter tubing in the
sample train, which is vulnerable to plugging due to the buildup of fats, solids, and other
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Figure 5.17  ISCO® 3700 Series Sampler for composite collection.  Illustration published with permission
of Teledyne ISCO.
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Figure 5.18  ISCO® 3700 Series Sampler for sequential collection.  Illustration published with permission
of Teledyne ISCO.
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insoluble components. Adequate flow rates must be maintained throughout the sampling train to
effectively transport suspended solids.

Discrete samples are subject to considerably more error introduced through sample handling,
but provide opportunity for manual flow compositing and time history characterization of a
waste stream during short period studies. The desired features of sample storage subsystems
include flexibility of discrete sample collection with provision for a single composite container;
minimum discrete sample container volume of 500 ml and a minimum composite container
capacity of 7.5 liters. Storage capacity of at least 24 discrete samples, containers of conven-
tional polyethylene or borosilicate glass of wide mouth construction, and adequate insulation
for the sampler to be used in either warm or freezing ambient conditions.

Finally, various power and control features may be necessary depending upon whether the
sampler is at a portable or a permanent installation. These include but may not be limited to: 1)
capacity for either AC or DC operation; battery life for 2 to 3 days of reliable hourly sampling
without recharging; 2) battery weight of less than 20 pounds and sealed so no leakage occurs; 3)
solid-state logic and printed circuit boards; 4) timing and control systems contained in a water-
proof compartment and protected from humidity; 5) controls directly linked to a flow meter to
allow both flow-proportional sampling and periodic sampling at an adjustable interval from 10
minutes to 4 hours; 6) capability of multiplexing, (i.e., drawing more than one sample into a
discrete sample bottle to allow a small composite over a short interval); 7) capability for filling
more than one bottle with the same aliquot for addition of different preservatives; and 8)
capability of adjusting sample size and ease in doing so.

Procedures for Use:

i. All parts of the device, which come in contact with the sample, must be decontaminated
following the eight-step decontamination procedure described in Chapter 2, Quality Assur-
ance. A distilled water rinse may not be necessary between setups on the same sample waste
stream.

ii. When a sampler is installed in a manhole, secure it either in the manhole (e.g., to a rung
above the high water line) or outside the manhole to an above ground stake by means of a
rope.

iii. Place the intake tubing vertically or at such a slope to ensure gravity drainage of the tubing
between samples, avoiding loops or dips in the line.

iv. Inspect the intake after each setup and clean, if necessary.

v. Exercise care when placing the intake(s) in a stream containing suspended solids and run
the first part of the sample to waste.

vi. Maintain sufficient velocity of flow at all times to prevent deposition of solids.

vii. When a single intake is to be used in a channel, place it at six-tenths of the channel’s depth
(point of average velocity). For wide or deep channels where stratification exists, set up a
sampling grid.

viii.Maintain electrical and mechanical parts according to the manufacturer’s instructions.

ix. Replace the desiccant as needed.

x. If a wet-cell lead-acid battery is used, neutralize and clean up any spilled acid.
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xi. Position the intake in the stream facing upstream. Limit the head-on orientation of the
intake 20 degrees on either side. Secure the intake by a rope at all times with no drag placed
on the inlet tubing.

xii. After the installation is complete, collect a trial sample to assure proper operation and
sample collection. The sample device must give replicate samples of equal volume through-
out the flow range. If the sampler imposes a reduced pressure on a waste stream containing
suspended solids, run the first part of the sample to waste.

xiii.During winter operation place the unit below the freezing level or in an insulated box.
When AC is available, use a light bulb or heat tape to warm device. Be certain to place the
intake line vertically or at such a slope to ensure gravity drainage back to the source. Even
with a back purge system, some liquid will remain in the line unless gravity drainage is
provided. If an excess length of tubing exists cut it off. Keep all lines as short as possible.
Do not use catalytic burners to prevent freezing since vapors can affect sample composition.
When power is unavailable, use an well-insulated box containing the device, a battery and
small light bulb to prevent freezing.

xiv. Parameters requiring refrigeration to a specific temperature must be collected with an
automatic compositor, which provides that refrigeration for the entire compositing period.
This can be accomplished by packing the lower tub of the compositor with ice. Care must
be taken to avoid flooding the tub with melted ice in warm months and freezing the samples
during the cool months.

Advantages:

• consistent samples
• probability of decreased variability caused by sample handling
• minimal labor requirement
• has capability to collect multiple bottle samples for visual estimate of variability and analysis

of individual bottles

Disadvantages:

• considerable maintenance for batteries and cleaning
• susceptible to plugging by solids
• restricted in size to the general specifications
• inflexibility
• sample contamination potential
• subject to damage by vandals

5.2.3 Surface Water and Liquid Sampling Equipment

Surface water sampling includes collection of samples from lakes, ponds, streams, and rivers. It
may also be necessary to collect liquid samples from lagoons, surface impoundments, sewers,
point source discharges, wastewater and leachate seeps.

Sampling situations encountered in the field vary greatly and therefore the sampling device to be
chosen and procedures to be followed may be varied to best fit each situation. Safety concerns will
play the primary role in determining which sampling device is most appropriate. That said, the
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most important goal of surface water or liquid sampling is the collection of a sample representa-
tive of all the horizons or phases present. Selection of the proper equipment rests with these two
factors. Additional information on liquid/sludge samplers can be found in Section 5.3, Non-
Aqueous Sampling Equipment, Subsection 5.3.2, Sediment and Sludge Sampling Equipment of this
chapter. Refer to Chapter 6, Sample Collection, Section 6.8, Surface Water and Sediment Sam-
pling, for information related to the collection procedures associated with this matrix.

The USGS notes that the two primary types of surface water samplers are the isokinetic depth-
integrating samplers and nonisokinetic samplers. Isokinetic depth-integrated samplers are designed
to accumulate a representative water sample continuously and isokinetically (that is, stream water
approaching and entering the sampler intake does not change in velocity) from a vertical section of
a stream while transiting the vertical at a uniform rate. Isokinetic depth-integrated samples are
divided into two groups based on the method of suspension: hand-held and cable-and-reel sam-
plers. Discussed in detail, examples of the US DH-81, US D-77, US D-95 and D-77 samplers can
be found in the US Geological Survey’s Book 9, Handbooks for Water Resources Investigations,
National Field Manual for the Collection of Water-Quality Data, Chapter A2, Section 2.1.1,
Surface-Water Sampling Equipment at http://water.usgs.gov/owq/FieldManual/.

Nonisokinetic samplers include open-mouth samplers, thief samplers, single-stage samplers and
automatic samplers and pumps. Discussed below are examples of open-mouth samplers. These
include the laboratory cleaned sample bottle, pond sampler, weighted bottle sampler and the
Wheaton-Dip sampler. Also discussed below are examples of the following thief samplers: the
Kemmerer, Van-Dorn and double-check valve bailer. Discussion on automatic samplers and pumps
can be found above in the wastewater sampling section. Finally, for discussion and examples of
single-stage samplers, go to the US Geological Survey’s Book 9, Handbooks for Water-Resources
Investigations, National Field Manual for the Collection of Water-Quality Data, Chapter A2,
Section 2.1.1, Surface-Water Sampling Equipment at http://water.usgs.gov/owq/FieldManual/.

5.2.3.1 Laboratory Cleaned Sample Bottle

The most widely used method for collection of surface water samples is simple immersion of
the laboratory cleaned sample bottle. Using the sample bottle for actual sampling eliminates the
need for other equipment. This method also reduces the risk of introducing other variables
into a sampling event. A low-level contaminant metal sampling requires the usage of an
acid-rinsed container as per USGS. To learn more, refer to the US Geological Survey’s
Book 9, Handbooks for Water-Resources Investigations, National Field Manual for the
Collection of Water-Quality Data, Chapter A3, Cleaning of Equipment for Water Sampling,
at http://water.usgs.gov/owq/FieldManual/.

Procedures for Use:

i. Make sure bottles are intact with a good fitting lid.

ii. Proceed to immerse bottle by hand into surface water and allow water to run slowly into
bottle until full. (Collect samples for volatile organics analysis first to prevent loss of
volatiles due to disturbance of the water. Fill vials to zero headspace.)

iii. Use care not to create sediment disturbance, especially when trace metals sampling is
included in the requested analysis.

iv. Follow procedures for preservation and transport (see Chapter 2, Appendix 2.1, Tables of
Analytical Methods).
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Advantages:

• easy  hand operation
• no field decontamination necessary
• no other equipment needed
• eliminates need for a field blank

Disadvantages:

• outside of bottle comes in contact with sample
• labeling may be compromised due to submersion
• may not be possible when bottles are pre-preserved

5.2.3.2 Pond Sampler

The commercially available
pond sampler (a.k.a. Dipper)
(Figure 5.19) is used to
collect liquid waste samples
from disposal ponds, pits,
lagoons, and similar reser-
voirs.

The pond sampler may
consist of an adjustable
clamp attached to the end of
a two or three piece tele-
scoping aluminum tube that
serves as the handle. The
clamp is used to secure a
sampling beaker. Other pond
samplers may be a single
molded polyethylene handle
with a 500-ml Teflon® cup
fixed on the end. The
sampler is easily and
inexpensively fabricated.
The tubes can be readily
purchased from most
hardware or swimming pool
supply stores. The adjust-
able clamp and sampling
beaker (stainless steel or
PTFE) can be obtained from
most laboratory supply houses. The materials required to fabricate the sampler are given in
Figure 5.20.

Procedures for Use:

i. Assemble the pond sampler. Make sure that the sampling beaker or sample bottle and the
bolts and nuts that secure the clamp to the pole are tightened properly.

Figure 5.19  Pond Sampler  (Photograph by J. Schoenleber)

Figure 5.20  Fabricated Pond Sampler

Varigrip clamp

Bolt hole

Beaker, stainless
steel or disposable

Pole, telescoping, aluminum, heavy
duty, 250-450 cm (96-180”)
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ii. Slowly submerge the beaker with minimal surface disturbance.

iii. Retrieve the pond sampler from the surface water with minimal disturbance.

iv. Remove the cap from the sample bottle and slightly tilt the mouth of the bottle below the
dipper/device edge.

v. Empty the sampler slowly, allowing the stream to flow gently down the inside of the bottle
with minimal entry turbulence. When applicable, always fill VOA vials first and fill to zero
headspace.

vi. Repeat steps ii - v until sufficient sample volume is acquired.

vii. Follow procedures for preservation and transport (see Chapter 2, Appendix 2.1, Tables of
Analytical Methods).

viii.Dismantle the sampler and store in plastic bags for subsequent decontamination.

Advantages:

• relatively inexpensive to fabricate
• can sample depths or distances up to 3.5m

Disadvantages:

• difficult to obtain representative samples in stratified liquids
• difficult to decontaminate when viscous liquids are encountered

5.2.3.3 Weighted Bottle Sampler

The weighted bottle sampler (Figure 5.21) can be
used to sample liquids in storage tanks, wells, sumps,
or other reservoirs that cannot be adequately sampled
with another device. This sampler consists of a
bottle, usually glass or plastic, a weight sinker, and a
bottle stopper. Equal-depth and equal-width incre-
ment sampling procedures typically associated
with ambient surface water data collection do not
require a bottle stopper. To learn more see the US
Geological Survey’s Book 9, Handbooks for
Water-Resources Investigations, National Field
Manual for the Collection of Water-Quality Data,
Chapter A4, Collection of Water Samples, at
http://water.usgs.gov/owq/FieldManual/. Samplers
used for trace element (metal) sampling should not
be constructed of metal. Weighted bottle samplers
can be constructed of polyvinyl chloride for this
purpose. To learn more see the National Field
Manual for the Collection of Water-Quality Data,
Chapter A2, Selection of Equipment for Water Sampling, at 
http://water.usgs.gov/owq/FieldManual/.

Figure 5.21  US WBH-96 Weighted
Bottle Sampler.  Illustration from
Federal Interagency Sedimentation
Project, Waterways Experiment Station,
Vicksburg, Miss.
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Procedures for Use:

i. Assemble the weighted bottle sampler.

ii. Lower the sampling device to the predetermined depth.

iii. When the sampler is at the required depth, pull out the bottle stopper with a sharp jerk of
the sampler line and allow the bottle to fill completely. (This is usually evidenced by the
cessation of air bubbles.)

iv. Retrieve sampler.

v. Transfer sample into laboratory cleaned sample bottles (if
applicable, fill VOA vials first) or churn splitter and follow
procedures for preservation and transport (see Chapter 2,
Quality Assurance).

vi. For equal-depth or equal-width increment sampling follow
the procedures in found in the US Geological Survey’s
Book 9, Handbooks for Water-Resources Investigations,
National Field Manual for the Collection of Water-Quality
Data, Chapter A4, Collection of Water Samples, at 
http://water.usgs.gov/owq/FieldManual/.

Advantages:

• sampler remains unopened until at sampling depth (if
equipped with a bottle stopper)

• samples can be taken from bridges when streams are inac-
cessible or too deep to wade

Disadvantages:

• cannot be used to collect liquids that are incompatible with
the weight sinker, line or actual   collection bottle

• laboratory supplied bottle may not fit into sampler, thus
requiring additional equipment (constructed of PTFE or
stainless steel)

• some mixing of sample may occur when retrieving the
sampler from depth

5.2.3.4 Wheaton Dip Sampler

The Wheaton Dip Sampler (Figure 5.22) is useful for sampling
liquids in shallow areas. It consists of a glass bottle mounted
on a metal pole of fixed length. Attached to the bottle’s screw
cap is a suction cup mounted on another metal pole. When the
sampler is lowered to the desired sampling depth, the bottle
cap is released by turning the metal pole attached to the
suction cup. When the bottle is full (usually evidenced by the
cessation of air bubbles), the cap is screwed back on to seal the
sampling container and the bottle is retrieved. Figure 5.22  Wheaton Dip

Sampler (Photograph by J.
Schoenleber)

http://water.usgs.gov/owq/FieldManual/
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Procedures for Use:

i. Assemble the sampler in accordance with the manufacturer’s instruction.

ii. Operate the sampler several times to ensure proper adjustment, tightness of the cap, etc.

iii. Submerge sampler into liquid to be sampled.

iv. When desired depth is reached, open sample bottle.

v. Once sample is collected, close sample bottle.

vi. Retrieve sampler

vii. Transfer sample into laboratory cleaned sample bottles (if applicable). Note:  volatile
organic samples must be collected first. Follow procedures for preservation and transport
(see Chapter 2, Quality Assurance).

Advantages:

• sample bottle is not opened until specified sampling depth is obtained
• sampler can be closed after sample is taken ensuring sample integrity
• ease of operation

Disadvantages:

• depth of sampling is limited by length of poles
• exterior of sample bottle (to be sent to lab) may come in contact with sample
• laboratory supplied sample bottle may not fit into the apparatus, thus requiring additional

equipment (constructed of PTFE or stainless steel)

5.2.3.5 Kemmerer Depth Sampler

Aside from depth sampling in open bodies of water for macrophytes, the Kemmerer depth
sampler (Figure 5.23) can be used to collect liquid waste samples in storage tanks, tank trailers,
vacuum tanks, or other situations where collection depth prevents use of other sampling devices.

This sampling device consists of an open tube with two sealing end pieces. These end pieces
can be withdrawn from the tube and set in open position. These remain in this position until the
sampler is at the required sampling depth and then a weighted messenger is sent down the line
or cable, releasing the end pieces and trapping the sample within the tube.

Figure 5.23  Kemmerer Depth Sampler (Photograph by J. Schoenleber)
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Procedures for Use:

i. NOTE:  The sampler described above may generally be operated from a boat launched onto
the lake, pond, lagoon or surface impoundment with the sample collected at depth. If the
lagoon or surface impoundment contains known or suspected hazardous substances, the
need to collect samples vs. the potential risk to sampling personnel must be considered. If
the sampling is determined to be necessary, appropriate protective measures (flat-bottomed
boat for increased stability, life preservers, back-up team, etc.) must be implemented.

ii. Set the sampling device so that the sealing end pieces are pulled away from the sampling
tube, allowing the substance to pass through the tube.

iii. Lower the pre-set sampling device to the predetermined depth.

iv. When the sample is at the required depth, send down the messenger, closing the sampling
device.

v. Retrieve sampler.

vi. Transfer sample into laboratory cleaned sample bottles (if applicable,
fill VOA vials first) and follow procedures for preservation and
transport (see Chapter 2, Appendix 2.1, Tables of Analytical Meth-
ods).

Advantages:

• ability to sample at discrete depths
• ability to sample great depths

Disadvantages:

• open sampling tube is exposed while traveling down to sampling depth
• transfer of sample into sample bottle may be difficult

5.2.3.6 Van Dorn Sampler

The Van Dorn sampler (Figure 5.24) usually is the preferred sampler for
standing crop, primary productivity and other quantitative plankton
determinations because its design offers no inhibition to free flow of
water through the cylinder. In deep-water situations, the Niskin bottle is
preferred. It has the same design as the Van Dorn sampler except that the
Niskin sampler can be cast in a series on a single line for simultaneous
sampling at multiple depths with the use of auxiliary messengers. Be-
cause the triggering devices of these samplers are very sensitive, avoid
rough handling. Always lower the sampler into the water; do not drop.
Kemmerer and Van Dorn samplers have capacities of 0.5 L or more.
Polyethylene or polyvinyl chloride sampling devices are preferred to
metal samplers because the latter liberate metallic ions that may contami-
nate the sample. Use polyethylene or glass sample storage bottles.
Metallic ion contamination can lead to significant errors when algal
assays or productivity measurements are made.

Figure 5.24  Van
Dorn Sampler.
Illustration from
Standard Methods
for Examination of
Water and
Wastewater, 20th
Edition. Copyright
1992 by the
American Public
Health Association,
the American Water
Works Association
and the Water
Environment
Federation.
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Procedures for Use:

Similar to Kemmerer

5.2.3.7 Other Water Bottle Samplers

There are several variations of water bottle and trap samplers readily available on the market.
Vertical and horizontal water bottle samplers come in various cylindrical dimensions ranging
from 2 to 8 liters in volume. Materials of construction range from PVC to transparent acrylics.
All are triggered by messengers. Their primary purpose is to measure physical (temperature),
chemical (dissolved gases, nutrients, and metals) and biological (phyto- microzoo- and bacterio-
plankton) constituents at depth. Check with the manufacturer on the combinations of construc-
tion materials to suite your sampling needs. Vertical samplers can be arranged in series or a
carousel setup when the objective is multiple depth sampling. Horizontal samplers are designed
to focus on narrow layers (e.g., thermoclines).

Juday and Schindler-Patalas are larger trap samplers that range in collection volume from 10 to
30 liters. These are preferred for zooplankters and larger copepods. These can be fitted with nets
where qualitative data or large biomass is needed. Schindler-Patalas traps are typically transpar-
ent and have no mechanical closing mechanism making them convenient for cold-weather
sampling.

5.2.3.8 VOC Sampler

This device, manufac-
tured by Wildco for the
USGS, is used to collect
stream and open-water
samples for VOC analy-
sis (Figure 5.25). The
device has been tested
for analyte loss, repro-
ducibility and contami-
nant carryover in the
laboratory and under
field conditions. Made of
stainless steel and
refrigeration-grade
copper, it is designed to
collect samples represen-
tative of environmental
conditions in most
streams. An important function of the sampler design is to evacuate air and other gases from the
sampler before sample collection. The device weights 11 lbs. and can be suspended by hand
from a short rope or chain while wading a stream. During periods of high flow, 10 lb. weights
can be added to keep the sampler vertical when suspended from a bridge or cableway.

The sampler is designed to collect a sample at a single point in a stream or open body of water.
The stainless-steel device holds four 40 ml vials. Copper tubes extend to the bottom of each vial
from the inlet ports on the top of the sampler. The vials fill and overflow in to the sampler body,
displacing the air in the vials and in the sampler through the exhaust tube. The total volume is
eight times larger then the vials; therefore, the vials are flushed seven times before the final

Figure 5.25  VOC Sampler.  Illustration published with permission
from Wildco®
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volume is retained in the vial. The small (1/16th inch inside diameter) copper inlet ports results
in a slow (3 - 4 minutes) filling time. This feature helps to produce a representative sample and
allows sufficient time to place the sampler at the desired depth. The sampler begins to fill as
soon as it enters the stream; however, the final sample is retained in the vial during the last 15 -
20 seconds of the filling process. A cover over the inlet ports prevents contamination from
surface oil and debris when the sampler is removed from the stream.

A complete description can be found in the Open-File Report 97-401, A Field Guide for Collect-
ing Samplers for Analysis of Volatile Organic Compounds in Stream Water for the National
Water-Quality Assessment Program. (or visit http://ca.water.usgs.gov/pnsp/pest.rep/voc.html.
This device is not designed for nor can it be applied to monitor well investigations.

Approval of a device of similar operation targeted for use in monitor wells is currently pending
further evaluation to determine its appropriate applica-
tion. Manufactured by SIBAK Industries, the Kabis
sampler has undergone preliminary testing published by
the USEPA and an unpublished review by the NJDEP.
The USEPA Environmental Technology Verification
Report (EPA/600/R-00/054) identified inconsistencies
in sample analysis when the device passed through a
dirty zone within a controlled water column. The report
also identified a low analytical bias for certain contami-
nants. The NJDEP identified additional inconsistencies
resulting in a lack of confidence in the device’s ability
to meet data quality objectives. Finally, the USACE,
Cold Regions Research and Engineering Laboratory,
has examined the Kabis and other discrete ground water
sampling devices and their observations can be re-
viewed in (ERDC/CRREL TR-02-12).

5.2.3.9 Double Check Valve Bailer

Double check valve bailers (Figure 5.26) are similar in
construction to bottom check valve bailers, but have the
addition of a second check valve located at the top. The
procedures for use are similar to that of the bottom fill
bailer except when the dual check valve bailer is used
as a modified point source sampler. In this case, the
dual check valve bailer is lowered to the desired depth
and the check valves automatically close upon retrieval
allowing for sample collection at discrete depths. Aside
from sampling surface waters at depth, the dual check
valve bailer can be used to sample dense, non-aqueous
phase liquids (DNAPLs) which can accumulate in the
bottom of monitor wells. The same restrictions regard-
ing dissolved oxygen and other air sensitive parameters
that apply to single check valve bailers above apply to
the dual check valve bailer as well.

Retaining
Pin

Ball
Check

Sample
Chamber

Retaining
Pin

Ball
Check

1 Foot
Midsection
may be added
here

Figure 5.26
Double Check Valve Bailer
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Procedures for Use:

i. Unwrap laboratory-decontaminated bailer and connect to decontaminated PTFE coated
leader/cable for lowering.

ii. Lower the bailer slowly until the depth to be sampled is reached.

iii. Slowly raise the bailer. The ball check valves will both close automatically as the bailer is
lifted.

iv. Tip the bailer to allow a slow discharge from the top gently down the side of the sample
bottle to minimize turbulence. A bottom-emptying device may also be utilized and should be
used when sampling for volatile organics. When applicable, always fill organic sample vials
first, to zero headspace, with the first bailer full of water.

v. Repeat steps iii. to v. until a sufficient sample volume is acquired.

vi. Follow procedures for preservation and transport (see Chapter 2, Appendix 2.1, Tables of
Analytical Methods).

vii. Place used bailer in bag for return to lab for decontamination.

viii.Procure an additional lab decontaminated bailer and proceed to the next sampling location.
Repeat procedure.

Advantages:

• measure the depth and thickness of DNAPL, if present.
• economical and convenient enough that a separate laboratory cleaned bailer may be utilized

for each well therefore eliminating cross contamination
• available in PTFE or stainless steel construction
• relatively simple to use, lightweight

Disadvantages:

• aeration of sample as: 1) the sample is transferred from the bailer to the sample container
over the top check valve, and 2) air becomes trapped between check valves when the bailer is
turned upright causing agitation of the sample

• limited volume of sample collected
• field cleaning is not acceptable
• ball check valve function susceptible to wear, dimension distortion and silt buildup resulting

in leakage. This leakage may aerate proceeding sample and may gather unwanted material by
rinsing unwanted material from well casing.

• when used as a point source device, considerable mixing may occur
• representativeness of sample is operator dependent
• can not be used for well evacuation
• cannot provide reliable or reproducible data for air sensitive parameters e.g. dissolved

oxygen, pH, carbon dioxide or iron and its associated forms. As a result, operator must submit
to the Department a request for a variance from the Technical Requirement for Site Remedia-
tion Regulations (N.J.A.C. 7:26E-3.7), which requires the sampler to measure, record and
submit well purging information associated with above parameters.
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5.2.3.10 Bacon Bomb Sampler

The Bacon bomb sampler is a widely used,
commercially available sampler, designed for
sampling petroleum products. It is very useful
for sampling large storage tanks because the
internal collection chamber is not exposed to
product until the sampler is triggered.

The Bacon bomb sampler (Figure 5.27) is
constructed of brass or stainless steel and is
available in two sizes: 1.5 inches or 3.5 inches
in diameter. These range in volume from 4 oz.
up to 32 oz. It is equipped with a trigger, which is spring loaded. When opened, the trigger
allows liquid to enter the collection chamber. When the trigger is released, liquid is prevented
from flowing into or out of the collection chamber.

Procedures for Use:

i. Lower the Bacon bomb sampler carefully to the desired depth, allowing the line for the
trigger to remain slack at all times. When the desired depth is reached, pull the trigger line
until taut.

ii. Release the trigger line and retrieve the sampler. Transfer the sample to the laboratory
cleaned sample container by pulling upon the trigger. If applicable, fill VOA vials first.

iii. Follow procedures for preservation and transport (see Chapter 2, Appendix 2.1, Tables of
Analytical Methods).

Advantages:

• sampler remains unopened until at sampling depth
• stainless steel construction facilitates proper decontamination

Disadvantages:

• difficult to decontaminate
• difficulties in transferring sample to container
• tends to aerate sample
• brass construction may not be appropriate in certain analysis

5.2.3.11 Continuous Water-Quality Monitors

A continuous water-quality monitor such as a data sonde is essentially a multi-meter, which is
placed in a body of water for a prolonged period of time. The monitor is capable of taking
continuous field measurements for a variety of parameters depending upon which probes it is
equipped with e.g., pH, dissolved oxygen, specific conductance, turbidity, chlorophyll-a, etc.
Continuous water-quality monitors are intensely more dynamic than simple flow-through cells
used for monitoring well stability prior to sample collection. Use the URL below to gain a better
understanding.

For more information regarding flow-through cells see Chapter 6, Sample Collection, Section
6.9, Ground Water Sampling Procedures, Subsection 6.9.2.2.4.5, Flow-Through Cell.

Figure 5.27  Bacon Bomb Sampler
(Photograph by J. Schoenleber)
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Procedures for Use

• See Guidelines and Standard Procedures for Continuous Water-Quality Monitors: Site
Selection, Field Operation, Calibration, Record Computation, and Reporting, USGS Water-
Resources Investigations Report 00-4252 at http://water.usgs.gov/pubs/wri/wri004252/.

5.2.3.12 Churn Splitter

A churn splitter is essential for compositing surface water samples. It can be either an 8L,
or, a 14L plastic container with a lid, spigot and churning paddle. See the US Geological
Survey’s Book 9, Handbooks for Water-Resources Investigations, National Field Manual
for the Collection of Water-Quality Data, Chapter A2, Selection of Equipment for Water
Sampling, Section 2.2.1.A, Churn Splitter, at http://water.usgs.gov/owq/FieldManual/ for
proper application. For proper cleaning when trace metal analysis is required see
http://water.usgs.gov/admin/memo/QW/qw97.03.html. Should you experience water leakage at
the spigot, go to http://water.usgs.gov/owq/FieldManual/mastererrata.html#Chapter4 for tips
on how to prevent.

Procedures for use:

i. Clean churn using the appropriate method for the constituents which will be analyzed, e.g.,
trace element analysis requires an acid soak.

ii. Churn should be kept double-bagged in clear plastic bags at all times after being cleaned
including sample collection.

iii. Rinse churn 3 times with 1 liter of sample water before collecting any samples. Be sure to
allow the water to drain through the spigot each time.

iv. Fill churn with the appropriate number of sub-samples. Be careful to keep lid on at all times
except when depositing sub-samples.

v. The contents of the churn should be composited by moving the paddle up and down at least
10 times prior to opening the spigot. A churning rate of 9 inches per second should be
achieved before drawing off any samples. Once the rate is achieved, continue to churn the
sample, open the spigot and collect raw samples. Filtered samples are taken directly from
the churn’s main compartment using a peristaltic pump and the appropriate tubing and filter.

5.2.3.13 Sample Collection and Preservation Chamber

A sample collection chamber is a containment system consisting of a white polyvinyl chloride
framework with a clear plastic bag forming a barrier to ambient conditions. It is used create a
clean environment in order to collect and preserve samples susceptible to contamination from
ambient air deposition (i.e., affords protection to water quality samples in which constituents of
concern occur at extremely low trace levels). Instructions from the USGS’s Hydrologic Instru-
mentation Facility on how to construct your own sample and preservation chamber are available
at the end of this chapter in Appendix 5.1, Sample Collection and Preservation Chamber. See
the US Geological Survey’s Book 9, Handbooks for Water-Resources Investigations, National
Field Manual for the Collection of Water-Quality Data, Chapter A2, Selection of Equipment for
Water Sampling, Section 2.2.2, Processing and Preservation Chambers for more information at
http://water.usgs.gov/owq/FieldManual/.
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5.2.4 Containerized Liquid Sampling Equipment

One of the most difficult liquids to sample is that which is stored in a container. Several factors
play an important role in determining the sampling method to be used. These include the location
of the container, the location and size of the opening on the container, and the type of equipment
that is available for sampling. Health and safety of sampling personnel also plays a key role in
determining the choice of and which sampling tool will be used.

No matter what type of sampler is chosen, it must be utilized in such a manner that allows collec-
tion of all horizons present in the container. Rarely does a container hold a homogeneous mixture
of material.

Sampling devices for containerized liquids and their procedures for use are presented below. Other
sampling devices, which may be considered appropriate, include the Bacon Bomb, Kemmerer, or a
Weighted Bottle Sampler, previously explained above in Section 5.2.3 of this chapter.

5.2.4.1 Coliwasa

The Composite Liquid Waste Sampler, or
COLIWASA, (Figure 5.28) is one of the most
important liquid hazardous waste samplers. It
permits the representative sampling of multiphase
wastes of a wide range of viscosity, corrosivity,
volatility, and suspended solids content. Its simple
design makes it easy to use and allows for the rapid
collection of samples, thus minimizing the exposure
of the sample collector to potential hazards from the
waste.

Three types of COLIWASA samplers are generally
available based on materials of construction. These
include those made of plastic, PTFE or glass. The
plastic type consists of a translucent plastic sampling
tube. This COLIWASA is used to sample most
containerized liquid wastes except wastes that
contain ketones, nitrobenzene, dimethylforamide,
mesityl oxide, and tetrahydrofuran. The glass type
uses a borosilicate glass plumbing pipe as the
sampling tube and glass or PTFE for a stopper rod.
This type is used to sample all other containerized liquid wastes that cannot be sampled with the
plastic COLIWASA except strong alkali and hydrofluoric acid solutions.

Procedures for Use:

i. With the sampler in the open position, insert it into the material to be sampled.

ii. Collect the sample at the desired depth by rotating the handle until one leg of the T is
squarely perpendicular against the locking block.

iii. Withdraw the sampler and transfer the sample(s) into laboratory cleaned sample bottles.

iv. Follow procedures for preservation and transport (see Chapter 2, Appendix 2.1, Tables of
Analytical Methods).

Figure 5.28  Coliwasa
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Advantages:
• inexpensive
• simplicity of operation
• versatile
Disadvantages:
• problems encountered with fluids of very high viscosity
• difficulty in cleaning

5.2.4.2 Open Tube Thief
Sampler

The open tube thief
sampler (Figure 5.29) is
basically a hollow glass or
rigid plastic tube, which is
anywhere from four to five
feet in length. It generally
has an inside diameter of
1/4" or ½". Chose a
diameter based on the
viscosity of the liquid to be
sampled.

The plastic open tube
sampler (Thief) is used to
sample most containerized
liquid wastes except waste
that contains ketones,
nitrobenzene,
dimethylforamide, mesityl
oxide, and tetrahydrofuran.

The glass open tube
sampler (Thief) is used to
sample all other container-
ized liquid waste that
cannot be sampled with the
plastic open tube sampler
except strong alkali and
hydrofluoric acid solu-
tions.

Procedures for Use:

i. Insert the sampler into the material to be sampled to the depth desired.

ii. Place gloved thumb securely over open end of tube and carefully withdraw the sampler.

iii. Transfer sample into laboratory cleaned sample bottles and follow procedures for preserva-
tion and transport (see Chapter 2, Appendix 2.1, Tables of Analytical Methods).

Figure 5.29  Open Tube Thief Sampler
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Advantages:

• inexpensive
• simplicity of operation
• versatile, e.g. may be used to sample water from sump areas in homeowner basements
• disposable

Disadvantages:

• sample leakage
• small sample volume

5.2.4.3 Stratified Thief Sampler

The stratified thief sampler (Figure 5.30) uses discs or
wipers to hold stratified liquids in position while the
tube is slipped past them. The wipers keep the inside
of the tube from carrying portions of the upper fluid
down into other layers.

The plastic stratified sample thief is used to sample
most containerized liquid hazardous waste except
waste that contains ketones, nitrobenzene,
dimethylforamide, mesityl oxide, and tetrahydrofuran.
It is particularly useful for highly viscous, stratified
liquids.

Procedures for Use:

i. Insert the sampler into the material to be sampled
with the outer sheath raised to the open positions.

ii. When the desired depth is reached, slide outer
sheath down over center section.

iii. Withdraw the sampler and transfer discrete
samples into laboratory cleaned sample bottles.

iv. Follow procedures for preservation and transport
(see Chapter 2, Appendix 2.1, Tables of Analytical Methods).

Advantages:

• simplicity of operation
• representative sample obtained in viscous, stratified liquids

Disadvantages:

• plastic is not compatible with certain substances
• some difficulty in transferring sample to sample container
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Figure 5.30  Stratified Thief Sampler
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